Gambogic acid triggers DNA damage signaling that induces p53/p21(Waf1/CIP1) activation through the ATR-Chk1 pathway.
Gambogic acid (GA) has been wildly studied to show potent anti-tumor effects in vivo and in vitro. We have confirmed that GA stabilized and activated p53 through down-regulating the expression of MDM2 in variety of cancer cell lines. However, GA-induced p53 activation could be partially reversed by caffeine, a PI3k inhibitor. Therefore, questions of whether GA induces post-translational modifications of p53 and subsequent activation of p53; and if that is the case, which upstream signaling pathway(s) is (are) responsible for that are proposed. Here, the relationship between p53 activation and its post-translational modifications was investigated in the human cancer cell lines HepG2 and A549 in response to GA or adriamycin treatment. GA induces p53 phosphorylation at sites Ser15 and Ser20 in a concentration- or time-dependent way, which was a direct result of DNA damage, as gamma-HA2X foci and 'comet' DNA fragments were detected. GA induces p53 phosphorylation through activation of an ATM- and Rad3-related pathway, and GA-induced phosphorylation of Chk1 is also involved. Upon treatment with GA, ATR activation is clearly associated with p53 phosphorylation, as well as activation of its target gene p21(Waf/CIP1). Furthermore, we found the dephosphorylation of Cdk1 at Thr161 induced by GA was abrogated, followed by a remarkable disruption of G2/M arrest when the cells were pre-incubated with caffeine. Interestingly, the sensitivity to caffeine enhanced the cytotoxicity of GA as well. Taken together, these data showed an important role of the DNA damage response mediated by ATR-Chk1 in p53/p21(Waf/CIP1) activation and downstream G2/M arrest during GA treatment.